2/31 



COMPILER 
OBJECT CODE 







, r 200 


APPLICATION 
SOURCE CODE 


COMPILER 


APPLICATION 
* OBJECT CODE 



210 








INPUT *> 


APPLICATION 


► OUTPUT 



FIG. 2 



3/31 




4/31 




ROOT SET 400 



OBJECT 406 



420 



OBJECT 408 



OBJECT 410 



HEAP 



FIG. 4 




5/31 




6/11 



1 /* Mature object O is modified by a write operation */ 

2 /* RegisteM stores object O's starting address*/ 

3 /* Register_2 stores a value that will modify object 0*1 

4 /* Register_3 stores the base address of a card table*/ 

5 /* Register_4 is a "working" register*/ 

6 /* Log_card_size is a base_2 log of the card size*/ 

7 /* C is the offset of a reference field modified in object O*/ 

8 /* Mutator code begins */ 



N /* A mutator instruction modifies a reference in the Object O */ 
N+1 STW Register_2, (RegisteM + C) 

N +2 /* Write-barrier code corresponding to the reference modification */ 

N +3 ADD RegisteM , C, Register_4 

N +4 SRL Register_4, log_card_size, Register_4 

N +5 STB 0, (Register_3 + Register_4) 

N +6 /* Mutator code continues */ 

• 
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r Method m */ 
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/* o.f=a; 7 r 
STW register_a, (register_o +offset_f) 
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/* Method m 7 



1300 



r o.f=a; */ r 
STW register_a, (register_o +2) 
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r o.g=b; 7 r 
STW register_b, (register_o +3) 
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/*DEFERRED WRITE BARRIER*/ 
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r Method m */ 
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r o.x=a; 7 r 
STW register_a, (register_o +offset_x) 
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/* o.z=b; 7 r 
STW register_b, (register_o +offset_z) 
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/* o.y=c; */ r 
STW register_c, (register_o +offset_y) 
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/* Method m */ 



2100 



/* Instantiate four objects a, b, c and d */ 



CALL newlnstance_object 
CALL newlnstance_object 
CALL newlnstance_object 
CALL newlnstance_object 
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2120 
2130 
2140 



r a.x=q; */ 
STW q, (register_a +offset_x) 

r b.x=r; */ 
STW r, (register_b+offset_x) 
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2160 



/* Emit deferred write barrier for a.x modification */ 
WRITE BARRIER FOR A.X MODIFICATION ' 

/* Spill contents of register_b 7 
STW register_b, slot_b 

/* Instantiate two new objects e and f */ 
CALL newlnstance_object 
CALL newlnstance_object 
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r b.y=p; 7 
STW p, (slot_b +offset_y) 
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/*Emit deferred write barriers for object b */ 2185 
WRITE BARRIER FOR B.X MODIFICATION/^- 2190 
WRITE BARRIER FOR B.Y MODIFICATION' 



FIG. 21 



20/31 



L 



2200 



Valnum_a, offset_x 



Valnum_b, offset_x 



■2210 



■2220 



\7 



EMIT DEFERRED WRITE BARRIER 
FOR OBJECT A 



2230 




\7 



■2230 



Valnum_b, offset_x 



Valnum_b, offset_y 



■2250 



FIG. 22 



21/31 



^— 2300 
r Method m*/r 



,* f *, ^— 2310 
/* o.f=a; */ r 

STW a, (register_o +offset_f) 



. — 2320 
/* o.g=b; */ ^ 

STW b, (register_o +offset_g) 



, — 2330 
/* o.h=c; */ ^ 



STW c, (register_o +offset_h) 



/* Guard code protecting deferred write barriers */ 
/* corresponding to reference modifications made */ 
/* to the object o */ 

oi/in J" SUBCC register_o, registeM, 0 
\ BNEG END 

WRITE BARRIER FOR o.f MODIFICATION 
2350 -i WRITE BARRIER FOR o.g MODIFICATION 
WRITE BARRIER FOR o.h MODIFICATION 

END: 



FIG. 23 



22/31 



Valnum_o, offset_f 



L 



2400 



■2410 



Valnum_o, offset_g 



•2420 



Valnum_o, offset_h 



•2430 



FIG. 24 



/* Method m */ 



2500 



POSSIBLE 
SAFE POINT 
2540 



POSSIBLE 
SAFE POINT 
2550 



REFERENCE-WRITE A 



REFERENCE-WRITE B 



REFERENCE-WRITE C 



2510 



2520 



2530 



POSSIBLE 
SAFE POINT 
2560 



WRITE BARRIER FOR A 
WRITE BARRIER FOR 
WRITE BARRIER FOR C 



2570 
2580 
2590 



FIG. 25 



23/31 




CD 
CN 



O 

to 

CN 



O 
0- 

LU 
LL 

3 

LU 
—I 

99 

CO 
CO 

o 

0. 







£ 








CO 




LL 




LL 




o 


CD 


of 


6? 


LU 


LU 


CD 


CD 


s 




ID 


ZD 


Z 


Z 


LU 


LU 


=> 


Z> 


_l 


_l 






1 


1 




o 

CD 
CM 



O 
CD 
lO 
CM 

Z 

o 

CL 

LU 
LL 
< 

CO 

LU 
_l 

m 

CO 
CO 

o 

Q_ 



<D 



< 


CD 


o 


G 


& 


£ 








V) 


CO 


CO 


LL 


LL 


LL 


LL 


LL 


LL 


O 


O 


O 


of 


of 


of 


111 


LU 


LU 


CO 


CO 


GO 










=> 




Z 


Z 


Z 


LU 


LL) 


LU 


Z) 




=> 


_l 




-J 








i 


i 


i 



24/31 



TABLE 2740 



2700 



H(PC VALUE) 



INDEX 
2705 


POINTER 
2710 * 


INDEX 
2715 


POINTER 
2720 * 


INDEX 
2725 


POINTER 
2730 ^ 




TABLE 2750 



(Register, offset^ 
(Register, offset^ 



TABLE 2760 



(Register, offset^ 
(Slot, offset) B 
(Register, offset)c 



FIG. 27 




1 


. — 2810 

r f 


SUSPEND MUTATOR AT A POSSIBLE SAFE POINT 




, 2820 


HASH PC VALUE OF SAFE POINT 




„ 2830 


USE HASHED PC VALUE AS AN INDEX INTO A 
POINTER TABLE 



2840- 



DOES PC VALUE X 
OF SAFE POINT 
MATCH INDEX IN 
POINTER TABLE 
ENTRY? 



2845 



GO TO NEXT 
ENTRY 



YES 



2850 



LOCATE TABLE REFERENCED BY POINTER AS- 
SOCIATED WITH INDEX 




2860 

r r 


COMBINE AND ELIDE TABLE ENTRIES, 
IF POSSIBLE 




r 2870 


USE REMAINING TABLE ENTRIES TO LOCATE 
WHERE REFERENCES WERE MODIFIED IN THE 

HEAP 




2880 



<^END^^) 



FIG. 28 



301CK 



3020< 



27/31 



CALL STACK 3000 



METHOD P 
STACK FRAME 



METHOD M 
STACK FRAME 



POINTER 3025 



1 



POINTER 3015 * 



META-DATA FOR METHOD P 



3030 



POINTER TABLE 3040_^ 






INDEX 3042 


POINTER 3044 











3052 



3050 




TABLE FOR SAFE POINT 2 



3082/ 



•(REGISTER, OFFSET) A 



TABLE 3080 f 
FOR SAFE POINT 1 



3060 

META-DATA FOR METHOD M ^ 



POINTER TABLE 3070. 



INDEX 3072 


POINTER 3074 


INDEX 3076 


POINTER 3078 



3092/ 
3094/ 



(REGISTER, OFFSET) A 
(REGISTER, OFFSET) B 



TABLE 3090' 
FOR SAFE POINT 3 



FIG. 30 



o 
o 

CO 




CO 

00 
Csl 





1 


in 




o 


o 


CO 


CL 




LU 




U_ 




< 




CO 








< 




z 




o 




H 








O 




LU 


— ► 




X 




LU 




Q 




O 




X 




h- 




LU 








Q 




Z 




LU 




CL 




CO 




z> 




CO 



CO 



Z 

O 

CL 

LU 
LL 
< 

CO 
LL 
O 
LU 

_l 

o 

CL 

X 

CO 

< 

X 



CO 



O 

iS 

CO 



< 
o 

LU 
X 



LU 



o 

iS 

CO 
CL 

o 
I- 

LU 

o 
o 



o 
c\i 

CO 



v 



LU 
LL 

o 

CO 



CO 

o 

CL 

Q 

LU 



QC 
LU 
I— 
LU 
Q 
LU 

a: 

CL 

cc: 

LU 

z 

O 

Q. 
LU 

St 

o 
o 



in 

CNJ 
CO 



v 



LU 
CH 
Z) 

I- 

o 

Is 

CO x 

<^ 

Q Q 

< LU 
H Q 

< Z 
Q LU 

CO 
X 



LU 



LU 
I- 

< 
O 

o 



Q 
LU 



K o 
oc o 
Wco 

CO 
< 

o 

CL 

LU 
CO 
ID 



H 
Z 



o 

CO 
CO 



3 








o 




_l 




Q 


LJJ 


LU 


Z 


OH 




Z) 

1- 




o 


LU 




DET 


STRI 


PRE 




< 


g 






< 




LU 


< 


_J 


ETA-D 


TAB 






LU 




1- 


z 


z 


z 


o 


O 


CL 


1- 


LU 
















O 




_j 





ID 

CO 

CO 



LU 

I 

CD 

U 

LU 



O 
CL 

LU 
X 
h- 

o 



X 
LU 
Q 



< 
CO 
< 
LU 
Z> 
_J 

% 

o 

CL 

Q 
LU 
X 

CO 

< 

X 

LU 
CO 
D 



-0 



0 




LU 




X 


LU 


1- 


_l 


OF 


TAB 


CO 


Q 


\- 
z 


LU 
H 


LU 




t— 




NO: 


LU 
Z 


c_) 


LU 


LU 


ER-G 


HI 




_i 


O 


Q_ 


Q 




LU 


o 


CO 


o 


BA 


z 


Q_ 


CO 


< 


LU 


HE 


TRI 


LU 


z 


X 


LU 


h- 


Q 


o 


LU 


1- 


Z 


Z 


00 


co 




LU 


O 


O 


o 


z 


z 


LU 


Z) 


or 




LU 


CD 


LL 


z 


LU 




q: 


z 


LU 


< 


TRACI 




RE 




CO 




30/31 



CALL STACK 3200 



3210< 



3220^ 



METHOD P STACK FRAME 



POINTER 3015 



FLAG = 1 3214 



RETURN PC=TRAMP PC 3216 



METHOD M STACK FRAME 



POINTER 3025 



FLAG = 0 3224 



RETURN PC FOR M 3226 



TRAMPOLINE 
CODE 
3240 



FIG. 32 



31/31 



3300 



START 



1 


/ 3310 


STORE METHOD P'S RETURN ADDRESS IN A 
TEMPORARY REGISTER OR SLOT 


^ 


f / 3320 


LOCATE NEXT FRAME IN CALL STACK AS NEW 
BOUNDARY FRAME (E.G., N=1) 



3330 



SET FLAG OF NEW BOUNDARY FRAME EQUAL TO "1" 



3340 



STORE METHOD M'S RETURN ADDRESS IN 
TRAMPOLINE CODE INSTRUCTION THAT EXE- 
CUTES STEP 3310 



I 



3350 



SET METHOD M'S RETURN ADDRESS TO EQUAL 
TRAMP PC 



3360 



BRANCH TO METHOD P'S RETURN ADDRESS 




3370 



FIG. 33 



